Four patients with Lyme borreliosis had atrioventricular conduction disturbances. All four were positive for specific antibodies against Borrelia burgdorferi measured by indirect immunofluorescence tests. Biopsy specimens, which were obtained in three patients, showed bandlike infiltrates of plasma cells and lymphocytes in the endocardium. There was diffuse infiltration of the interstitium of the myocardium by lymphocytes, plasma cells, and macrophages. In two patients single fibre necrosis was seen in the myocardium. Biopsy specimens of the heart showed spirochetes in all three patients and serial sections stained by the BosmaSteiner technique showed that they resembled Borrelia burgdorferi. At follow up one patient had persistent complete atrioventricular block, despite treatment with antibiotics and corticosteroid, and a permanent pacemaker was implanted.
Abstract
Four patients with Lyme borreliosis had atrioventricular conduction disturbances. All four were positive for specific antibodies against Borrelia burgdorferi measured by indirect immunofluorescence tests. Biopsy specimens, which were obtained in three patients, showed bandlike infiltrates of plasma cells and lymphocytes in the endocardium. There was diffuse infiltration of the interstitium of the myocardium by lymphocytes, plasma cells, and macrophages. In two patients single fibre necrosis was seen in the myocardium. Biopsy specimens of the heart showed spirochetes in all three patients and serial sections stained by the BosmaSteiner technique showed that they resembled Borrelia burgdorferi. At follow up one patient had persistent complete atrioventricular block, despite treatment with antibiotics and corticosteroid, and a permanent pacemaker was implanted.
Lyme borreliosis was first described by Steere et al in 1976 .`3 The disease is caused by the spirochete Borrelia burgdorferi4 which is transmitted by tick or flea bites and it can affect the skin, joints, nervous system, and the heart.'
The disease is found throughout the world but it is especially prevalent in wooded areas of Europe and North America.6 Lyme borreliosis occurs in three stages with different clinical manifestations.7 In the second stage the heart can be affected, causing atrioventricular block, rhythm disturbances, heart failure, acute myopericarditis, and pancarditis. Cardiac manifestations in Lyme borreliosis were reported in 8% of North American patients.9 In Europe, however, the frequency of Lyme carditis is not well established yet.
We describe four patients with Lyme borreliosis in whom atrioventricular conduction disturbances caused the main symptoms. figure 4) ." In combination with the serological results this indicated Lyme carditis.
A temporary pacemaker was inserted and the patient was treated with oral tetracycline (500 mg four times a day); after 5 days this was changed to intravenous penicillin (4 million IU four times a day for 14 days). Between the 6th and 10th days after admission the disturbances of atrioventricular conduction resolved to a second and later to a first degree atrioventricular block on the surface electrocardiogram. The electrophysiological study was repeated in the recovery phase. His bundle activity was now easily found, the intra-atrial conduction delay had disappeared, and the duration of the QRS complex was normal. The AH interval was slightly prolonged, but the HV interval was normal (figure 3b).
After three weeks of antibiotic treatment the patient was discharged with a normal surface electrocardiogram and minor residual complaints of arthritis. PATIENT 2 Electrophysiological study showed a small positive His bundle deflection without a negative deflection at all sites mapped in the His bundle region. The AH interval was normal, but there was no relation between His bundle activity and QRS complexes (figure 3c The endomyocardial biopsy specimens showed subendocardial and diffuse interstitial myocardial infiltrates of plasma cells and their precursors. In this patient necrosis ofmyocytes was not detectable. Few spirochetes were found in the interstitium between the muscular fibres.
The patient was treated with intravenous penicillin (5 million IU four times a day) for 10 days. At first he showed first degree atrioventricular block with rapid transition to complete atrioventricular block, but after 8 days of antibiotic treatment only first degree atrioventricular block was seen (PQ interval decreased to 280 ms). After 10 days the patient was discharged without any complaints. One week after the end of antibiotic treatment the surface electrocardiogram was completely normal. PATIENT 4 This patient was treated with intravenous penicillin (4 million IU four times a day) for 10 days. Eighteen months later he was well and the conduction disturbances did not recur.
Discussion
The clinical expression of Lyme borreliosis is highly variable.' The most common and clinically most troublesome cardiac manifestation is atrioventricular block.56'2-Among patients with atrioventricular conduction disturbances caused by Lyme borreliosis 98% show first degree atrioventricular block, 40% Wenckebach periodicity, 50% complete atrioventricular block, and about 38% require a temporary pacemaker. Up to 65% of these patients show ST segment depression or T wave inversion, depressed left ventricular ejection fraction, or cardiomegaly and pericarditis.6 Supraventricular arrhythmias such as atrial fibrillation occur occasionally'6 and one patient can have atrioventricular block of several degrees. Occasionally the degree of atrioventricular block varies within minutes.61215 According to some the risk of complete atrioventricular block is much higher when the PR interval is > 300 ms.9 17 The differential diagnosis of the causes of atrioventricular block includes other infections such as Treponema pallidum infection, diphtheria, Yersinia enterocolitica infection, virus infection (coxsackie A and B, echovirus type 6 and 8, adenovirus type 3, influenza A, hepatitis B, Epstein-Barr, mumps, poliomyelitis, varicella), toxoplasmosis, Chagas's disease, and rickettsial infections. Non-infectious causes of atrioventricular block are coronary artery disease, intracardiac operation, medication induced atrioventricular block, congenital heart disease, idiopathic sclerodegenerative disease (Lenegre's disease), fibrocalcareous enchroachment (Lev's disease), acute rheumatic fever, polyarthritis, systemic lupus erythematosus, amyloidosis, sarcoidosis, and myxoedema. These diseases are usually distinguishable from Lyme borreliosis by special laboratory tests and clinical findings. The The atrioventricular conduction disturbances were studied by serial surface electrocardiograms in all four patients and in three serial electrophysiological studies were also performed ( figure 3a-c) . In three patients we also took endomycardial biopsy specimens. The electrophysiological studies in patient 1 indicated that the atrioventricular block was located in the atrioventricular node, with accompanying conduction disturbances above (intra-atrial) and beneath (in the common His bundle) this site. This patient had a very unstable escape focus. The electrophysiological study in patient 3 also suggested a proximal site for the atrioventricular block, which was more local than in patient 1. Giant T wave inversion, as shown on the electrocardiogram ofpatient 2 (figure 2), was described in other patients with Lyme borreliosis with more diffuse cardiac involvement69 but inverted T waves were also described in patients who had had a period of circulatory arrest and cerebral hypoxaemia.43 The electrophysiological study in patient 2 showed no terminal negative deflection of the His spike, a normal AH interval, and no relation between His bundle activity and ventricular complexes (figure 3c). This shows that the site of the atrioventricular block may also lie in the distal part of the His bundle, leaving the proximal part undisturbed. Despite extensive treatment with antibiotics and corticosteroid9 1528-30 complete atrioventricular block persisted in this patient and a permanent pacemaker had to be implanted. We believe this to be the first reported case in which complete atrioventricular block caused by Lyme disease did not resolve.6 12-15 174445 The biopsy specimens of the hearts of all three patients had the same appearance. The endocardial zone showed the plaque-like infiltrates of lymphocytes and plasma cells that are typical of cardiac involvement in Lyme borreliosis. 4 
